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INLEl' SUPERSONIC DTI'FUSER 
By Ferris L. Seashore and John M. Farley 
SUMMARY 
An investigation of a full-scale) four-shock) side-inlet diffuser 
was conducted at the NACA Lewis laboratory in a free-jet facility at a 
Mach numher of 3.16 . This diffuser was designed by the missile manufac-
turer for test purposes and was a heavy-duty version of the diffuser to 
be used with the XRJ47-W-7 engine. Throughout the investigation) the 
diffuser was opera~ed supercritically at a zero angle of attack. 
The supercritical capture-area ratio of the diffuser was about 1.04) 
and the critical total-~ressure recovery was about 0.58 during cold-flow 
operation. With the combustor in operation) the maximum observed pressure 
recovery was about 0.564. The diffuser-exit flow was reasonably uniform 
near critical total-pressure recovery and became increasingly nonuniform 
as the operating point moved farther into the supercritical region. 
INTRODUCTION 
An investigation of the full - scale XRJ47-W-7 engine is being con-
ducted at the NACA Lewis laboratory in a free-jet facility at a Mach num-
ber of 3 .16. As a part of the over-all program) an investigation was made 
to evaluate some of the internal performance characteristics of the super-
sonic inlet diffuser. The diffuser was designed by the missile manufac-
turer for free-jet tests and was a heavy-duty version of the diffuser to 
be used with the XRJ47-W-7 engine. The diffuser is a side-inlet type; 
the supersonic portion is essentially a 2160 segment of a four-shock) 
Ferri - type diffuser. Internally) the diffuser is designed to provide 
some turning of the air in addition to diffusion to the exit area. 
Diffuser performance is presented in terms of capture-area ratio) 
total-pressure recovery) pressure distribution} internal-shock position, 
and uniformity of exit flow. Data are presented for a range of diffuser 
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pressure recoveries and free-stream total pressures. All data were ob-
tained with the inlet diffuser at a zero angle of attack in a free-jet 
facility at a Mach number of 3 .16. Early-model tests by the missile 
manufacturer indicated that this flow angle and Mach number would be rep-
resentative of the flow conditions approaching the inlet at the design 
cruise Mach number and angle of attack of the missile. 
APPARATUS 
Diffuser 
Photographs of the heavy-duty diffuser (designated I5D5 by the mis-
sile manufacturer) are shown in figure 1. Figure 2 shows dimensions of 
the four -shock spike inlet. Variation of diffuser flow area (normal to 
the average flow) as a function of missile station is shown in figure 3. 
Installation 
Installation of the diffuser and the combustor in the free-jet 
facility is shown in figure 4. The supersonic diffuser inlet was mounted 
within the Mach cone of a 3.16 Mach-number supersonic nozzle. Air not 
captured by the supersonic inlet was diffused to the exhaust-section 
pressure by means of the jet external) second-throat diffuser and also 
the bottom-plate boundary-layer bleed duct (fig. 4). The outlet of the 
diffuser was connected to the 48-inch-diameter engine combustor. A 
clamshell-type throttle was installed on the convergent-divergent exhaust 
nozzle to permit variations in diffuser pressure recovery during cold-
flow operation . 
Instrumentation 
Free-stream total pressure and temperature were obtained from a 
survey of 24 total-pressure tubes and 20 iron-constantan thermocouples) 
respectively) at the inlet of the supersonic free-jet nozzle (instrumenta-
tion station 0) fig. 4 ). 
Diffuser instrumentation is summarized in figure 5 . Diffuser-outlet 
total pressure was obtained from survey rakes at station 3 (missile sta-
tion 855). The internal -wall static pressures of the diffuser were ob-
tained along longitudinal instrumentation rows both on the inner body and 
cowl; these static pressures indicated internal pressure distribution and 
shock position and were potential engine-control signal pressures. Two 
trailing- stream static-pressure probes and three trailing total-pressure 
probes were also installed as potential engine-control signal pressures; 
details of these probes are shown in figure 5. The instrumentation rows 
... 
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are shown in figure 5, and the longitudinal locations of the various types 
of instrumentation are summarized in table I. 
PROCEDURE 
Data were obtained over a range of diffuser pressure recoveries from 
about 0.37 to critical at a free-jet Mach number of 3.16 and a diffuser 
angle of attack of zero. To obtain the desired diffuser-inlet conditions, 
the inlet total temperature was first set with the facility combustion-
air heaters . The supersonic nozzle-inlet total pressure was then adjusted 
to give the desired airflow. Diffuser pressure recovery was varied by 
using a clamshell-type throttle on the exhaust nozzle when the combustor 
was not operating. With the combustor operating, recovery was varied by 
changing the engine fuel-air ratio. 
The nominal inlet conditions at which data were obtained are shown 
in the following table : 
Engine airflow, Inlet total Inlet total 
Wa , pressure, temperature, 
lb/sec PO' TO' 
lb/sq ft of 
56 2400 760 
84 3600 760 
112 4800 760 
Symbols are defined in appendix A and methods of calculation are 
shown in appendix B. 
PRESENTATION OF DATA 
Characteristic curves showing the relation between individual 
internal-diffuser pressures and diffuser total-pressure recovery are pre-
sented in figures 6, 7, and 8; this relation is significant in the selec-
tion of potential engine-control pressures. In all cases, the internal-
diffuser pressures are presented as ratios to free-stream total pressure. 
The characteristic curves for wall static pressures from the various in-
strumentation rows are presented in figure 6, and the available charac-
teristic curves for trailing-stream static pressures and trailing total 
pressures are presented in figure 7 ; these data were obtained at a free-
stream total pressure of 4800 pounds per square foot absolute. The ef-
fect of free -stream total pressure (or altitude) on the characteristic 
curves of wall static pressure from instrumentation row B (selected as 
representative) is shown in figure 8 . 
- , 
I 
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The effect of diffuser total-pressure recovery on the longitudinal 
wall static-pressure distributions along two of the instrumentation rows 
is shown in figure 9 for operation at a free-stream total pressure of 
4800 pounds per square foot absol ute . The curve through the solid sym-
bols indicates the full supercritical diffuser pressures . As the internal 
shock system is moved forward in the diffuser, the pressures rise above 
the supercritical values . 
The data of figures 6 to 9 and similar data can be used to define 
approximately the relation between diffuser total -pressure recovery and 
internal - shock position . The effect of free-stream total pressure on 
this relation is shown in figure 10; the wall static pressures along row 
B were used to define the approximate internal - shock position. 
Information relative to the uniformity of flow at the diffuser exit 
is presented in figures 11 and 12. Diffuser-exit Mach- number contours 
are presented in figure 11 for several diffuser total -pressure recoveries 
at a free - stream total pressure of 4800 pounds per square foot absolute 
with cold- flow (fig . ll (a) ) and hot -flow (fig. ll (b)) operation . A com-
parison of the average Mach number Mav and the continuity Mach number 
Mcon at station 3 over the range of diffuser total-pressure recoveries, 
together with the variation of the f l ow-profile factor (6M/Mav ) with 
total-pressure recovery, is given in figure 12 . 
RESULTS 
The supercritical capture - area ratio of the I5D5 (heavy- duty) dif-
fuser was 1.04 ( see appendix B) for the range of free-stream total pres -
sures investigated . A capture - area ratio greater than 1.00 is due to the 
design of the inlet, because the tip of the spike was not on the center-
line of the cowl (fig . 2 ). 
The critical diffuser total-pressure recovery was about 0.58 over the 
range of free - stream total pressures during cold- flow operation. With the 
engine combustor in operation, however, the maximum observed diffuser 
total -pressure recovery was about 0 . 564 over the range of free - stream to -
tal pressures . The difference in maximum diffuser total-pressure recovery 
between cold-flow and hot - flow operation may be due to pressure pulsations 
with combustion. It is presumed that the maximum pressure recovery of 
the diffuser would be obtained wi t hout airflow spill age, that pressure 
pulsations during cold- flow operation were small as compared with those 
during operation with combustion, and that pressure pulsations would 
cause airflow spill age at a l ower average -pressure r ecovery, and thus re-
duction of the maximum diffuser pressure recovery would result. 
In general, the diffuser - exi t f l ow profiles became poorer as the 
total -pressure recovery was lowered f r om the maximum value (or as the 
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internal-shock system was allowed to move downstream). Combustor prob-
lems attributable to adverse diffuser-exit profiles were not encountered, 
and combustion had no significant effect on the profiles. Separation of 
the diffuser-exit flow was observed only for extreme supercritical opera-
tion. Diffuser performance, in terms of supercritical capture-area ratio, 
maximum pressure recovery, and internal pressure distribution, was essen-
tially unaffected by variations in free-stream total pressure (altitude) 
within the range investigated. 
Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 
Cleveland, Ohio, June 4, 1957 
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APPENDIX A 
SYMBOLS 
A cross - sectional area) sq ft 
g acceleration due to gravity) ft/sec 2 
M Mach number 
average Mach number 
continuity Mach number 
Mach number at individual total-pressure tube 
1 n 
-2: (~ - M ) n 1 av 
profile factor) 
n number of local Mach numbers in rake obtained at each total-
pressure tube 
P total pressure) lb/sq ft abs 
p static pressure) lb/sq ft abs 
R gas constant) 53.3 ft lb/lb OR 
T total temperature) ~ 
Wa airflow) lb/sec 
y ratio of specific heats 
Subscripts : 
c cowl 
o inlet to supersonic nozzle (free stream) 
3 diffuser - outlet instrumentation station 
• 
------- --------_.- ... _---
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APPENDIX B 
CALCULATIONS 
Diffuser capture - area ratio AO/ Ac ' - The equation for airflow can 
be expressed as 
7 
/ygRg _ ___ 140 ___ --::--_ A AO Po 
-v If ,+1 c Ac ~ eEl) 
When Y 1.4) Mo 
(1 , -1 2) 2 (Y-l) + - 2 - MQ 
3 . 16) and Ac = 7.2777 square feet) 
Ao Po Ao Po 
0.10786 Ac Ac -YT; = 0.785 Ac ~ 
From an airflow calibration of the diffuser) the supercritical air-
flow was given by the following : 
w 0 .816 Po 
~ 
from which 
Ao Po Po 
0 . 785 ~ _rr;- = 0 .816 Arm-
c vTo -vTo 
and therefore) 
0 .816 
0 . 785 = 1.04 
Diffuser total-pressure recovery . - Diffuser total-pressure recovery 
was taken as the ratio of the average total pressure measured at station 
3 (diffuser- outlet instrumentation station) to the average total pressure 
measured at the supersonic nozzle inlet ( station 0). Consequently) any 
total-pressure losses occurring in the supersonic nozzle were charged to 
the diffuser. The pressure tubes at station 3 were placed on centers of 
equal area j therefore) area-weighted rather than mass-weighted values of 
the diffuser -outlet pressure were obtained . 
1_-
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Diffuser - outlet Mach-number profiles. - Mach numbers were calculated 
from the ratio of static to total pressure at each of the total-pressure 
tubes with a , value of 1 .365 . Although stream static -pressure tubes 
were installed) values obtained with these tubes were not considered 
reliable . Therefore) in determining the Mach number at each total-
pressure tube) the correspondi ng static pressure used was the average of 
the two wall static -pressure measurements on either side of the respective 
total -pressure rake segments at station 3 . The area-weighted average of 
a l l of the Mach numbers from the total-pressure tubes of the six rakes 
was considered as the average Mach number Mav at station 3 . 
The continuity Mach number Mcon was calculated as follows from the 
average total -pressure ratio P3/ PO) airflow) ani area at station 3 : 
y+l (B2) 
( 
, _ 1 2 ) 2(, -1) 
1 + --2- Mcon 
From an airflow calibration of the engine) the engine airflow was 
Assuming that T3 = TO 
0 .816 Po ~ P3A3 Mcon 
---- == 
,+1 Fa Fa 
(
1 + r:....-=-l M2 ) 2 ( Y - 1) 
2 con 
A transposition of equation (B4) yields 
y+1 
0 .816 
/yg A 
"V If 3 
(
1 r:....-=-l ~ ) 2 ( Y -1) 
_ + 2 1 con_ 
M 
con 
from which the continuity Mach number Meon can be obtained where 
'3 = 1.365 
~ = 7 . 022 sq ft 
(m) 
(B4) 
CBS) 
• 
2U 
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TABLE I. - LOCATION AND TYPE OF INSTRUMENTATION 
Missile Row Tap Missile Row Tap Missile Row Tap Missile Row Tap 
station type station type 
( a) ( a) 
station type station type 
(a) ( a) 
542 A S 550 G S 562.5 B S 590 B S 
542 B S 552.5 B S 565 B ST 590 F S 
542 D S 555 A S 565 B S 600 B S 
543 F S 555 B S 565 B TT 600 F S 
545 A S 555 D S 565 F S 620 B S 
545 B S 555 E S 567.5 B S 620 F S 
545 D S 555 F S 570 B ST 640 B S 
545 E S 555 G S 570 B S 640 F S 
545 F S 557 .5 B S 570 B TT 660 B S 
545 G S 560 A S 570 F S 660 F S 
547 F S 560 B S 572.5 B S 702 B S 
550 A S 560 B TT 575 B S 702 F S 
550 B S 560 D S 575 F S 740 F S 
550 D S 560 E S 577 .5 B S 780 F S 
550 E S 560 F S 580 B S 820 F S 
550 F S 560 G S 580 F S 855 B S 
855 
-
T 
as Static -pressure tap 
T Total-pressure probe 
TT Trailing total-pressure probe 
ST Trailing- stream static-pressure probe 
• 
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la) Diffuser inlet. 
Figure L - Heavy-duty diffuser (I5D5 ). 
r 
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(b) Vie~ looking upstream through diffUser duct. 
Figure 1. - Concluded. Heavy-duty diffUser (rso5). 
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D 
G --.-----..1 
H ----------~ 
Dimensions, 
in. 
A 5.964 
B 9.685 
C 13.093 
D 23.600 
E 7.104 
F 15.014 
G 27 .772 
H 55.823 
Spike angle (relative 
to spike), 
deg 
81 12.00 
82 16.27 
83 23.33 
84 31.22 
Cowl angle (relative 
to cowl), 
deg 
External 13.5 
Internal 9.0 
Figure 2. - Dimensions of heavy- duty diffuser (I5D5) spike. 
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Figure 3. - Diffuser area variation . 
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Figure 5 . - Instrumentation detail. 
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Row 
Station ~ 0 542 0 550 <> 555 t;. 560 
LI 565 View looking 
LJ 570 downstream 
0 575 
0 580 
0 590 
Cl 620 
'V 702 
Solid symbol 
denotes sub -
critical 
operation 
.36 .40 .44 .48 .52 .56 
Diffuser total -pressure recovery, P3/ PO 
( a) Instrumentation row B (inner body). 
Figure 6 . - Variation of internal-diffuser wall static pressures presented as 
ratios to free - stream total pressure with diffuser total-pressure recovery 
under cold- flow conditions ( combustor not operating ). Free- stream total 
pressure, 4800 pounds per square foot absolute ; free - stream total 
temperature , 7600 F . 
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Figure 6. - Continued . Variation of internal-diffuser wall static pressures 
presented as ratios to free - stream total pressure with diffuser total-
pressure recovery under cold-flow conditions (combustor not operating). 
Free-stream total pressure, 4800 pounds per square foot absolute; free-
stream total temperature, 7600 F . 
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Station 
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Solid symbol 
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subcritical 
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(b) Instrumentation row F (cowl). 
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Figure 6 . - Continued. Variation of internal-diffuser wall static pressures 
presented as ratios to free - stream total pressure with diffuser total-
pressure recovery under cold-flow conditions ( combustor not operating). 
Free-stream total pressure, 4800 pounds per square foot absolute ; free -
stream total temperature, 7600 F. 
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Fi gure 6 . - Continued . Variation of internal-diffuser wall static pressures 
presented as ratios to fr ee -str eam total pressure with diffuser total-
pressure recovery under cold-flow conditions (combustor not operating). 
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Figure 6. - Continued. Variation of internal-diffuser wall static pressures 
presented as ratios to free-stream total pressure with diffuser total-
pressure recovery under cold-flow conditions (combustor not operating). 
Free-stream total pressure, 480'0' pounds per square foot absolute; free-
stream total temperature, 760'0 F. 
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Figure 6. - Continued. Variation of internal-diffuser wall static pressures 
presented as ratios to free-stream total pressure with diffuser total-
pressure recovery under cold-flow conditions (combustor not operating). 
Free-stream total pressure) 4800 pounds per square foot absolute; free-
stream total temperature) 7600 F. 
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Figure 6 . - Continued . Variation of internal-diffuser wall static pressures 
presented as ratios to free - stream total pr essure with diffuser total -
pressure recovery under cold- flow conditions ( combustor not operating) . 
Free - stream total pressure , 4800 pounds per square foot absolute ; free -
stream total temperature , 7600 F . 
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Figure 6 . - Concluded . Variation of inter nal -diff user wall st atic pressures 
presented as ratios to free-stream total pressure with diffuser total-
pressure recovery under cold-flow conditions (combustor not operating). 
Fr ee - str eam t otal pr es sure ) 4800 pounds per s quare f oot absolute; free-
stream total t emperat ure ) 7600 F. 
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Figure 7 . - Variation of internal-diffuser trailing- stream static pressures and 
trailing total pressures presented as ratios to free-stream total pressure with 
diffuser total-pressure recovery. Free-stream total pressure, 4800 pounds per 
square foot absolute; free-stream total temperature, 7600 F . 
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Figure 7. - Concluded . Variation of internal-diffuser trailing-stream static 
pressures and trailing total pressures presented as ratios to free-stream 
total pressure with diffuser total-pressure recovery. Free-stream total 
pressure, 4800 pounds per square foot absolute; free-stream total tempera-
ture, 7600 F. 
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(a) Cold flow (combustor not operat1ng). 
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F1gure 11. - D1ffuser Mach-number contours for var10us d1ffuser total-pressure recover1e" w1th average Mach number, cont1nuity Mach numb er , and flow prof11e 
factor at misSile station 855 (station 3). View looking downstream. Free-stream total pressure, 4800 pounds per square foot absolute ; free - stream total 
temperature, 7600 F. 
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Figure 11. - Concluded. Diffus er Mach-number contours for various diffuser total-pressUre recoveries with average Mach 
number , continuity Mach numb er, and flow profile factor at missile station 855 (station 3) . View looking downstream. 
Free-stream total pressure, 4800 pounds per square foot absolute; free-stream total temperature, 7600 F. 
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